The structure of goadsporin was determined by using spectroscopic techniques. NMR analysis revealed that goadsporin consists of 19 amino acids, two of which are dehydroalanines (Deala), and six of which are cyclized to oxazoles (Oxz) and thiazoles (Thz) by dehydrative cyclization and dehydrogenation from serine, threonine and cysteine. NMR analysis established seven partial structures, and their sequence was determined by CID-MS/MS'. Negative mode FAB-MS/MS gave product ions arising from charge-remote fragmentation that allowed determination of the sequence of the amino acid components as AcNH-Ala-MeOxz-Val-DealaMeOxz-Ile-Leu-Thz-Ser-Gly-Gly-MeOxz-Leu-Deala-Oxz-Ala-Gly-Thz-Val-OH.
The structure of goadsporin was determined by using spectroscopic techniques. NMR analysis revealed that goadsporin consists of 19 amino acids, two of which are dehydroalanines (Deala), and six of which are cyclized to oxazoles (Oxz) and thiazoles (Thz) by dehydrative cyclization and dehydrogenation from serine, threonine and cysteine. NMR analysis established seven partial structures, and their sequence was determined by CID-MS/MS'. Negative mode FAB-MS/MS gave product ions arising from charge-remote fragmentation that allowed determination of the sequence of the amino acid components as AcNH-Ala-MeOxz-Val-DealaMeOxz-Ile-Leu-Thz-Ser-Gly-Gly-MeOxz-Leu-Deala-Oxz-Ala-Gly-Thz-Val-OH.
The chiral amino acids were determined by the advanced Marfey's method to have L-conflgurations.
Goadsporin was discovered from the culture broth of Streptomyces sp. TP-A0584 as a chemical substance that promotes sporulation and secondary metabolism in actinomycetes. Fermentation of the producing strain and isolation and biological properties of goadsporin were described in the preceding paper1}. Weherein report on the physico-chemical properties and structure determination of goadsporin.
Results and Discussion

Physico-chemical Properties
Physico-chemical properties of goadspofin are summarized in Table 1 .
NMRAnalysis
NMRdata for goadsporin measured in DMSO-d6are summarized in Table 2 . The 13C NMRspectrum revealed 72 carbon signals, and all one-bond^-^C connectivities were determined by editing-HSQC experiment. In the *H NMR spectrum, doublet and triplet methyl groups at 0.85-1.40ppm, the a-protons of amino acid residues at 3.82-5.00ppm and the exchangeable amide protons at 7.51-10.01 ppm were observed. In addition, three singlet methyl groups around 2.5 ppm and seven olefinic protons around 5.7-6.0ppm and 8.2-8.7ppm were detected.
These spectral data suggested that goadsporin is an oligopeptide conjugated with unusual amino acids and/or aromatic residues. Further analyses by DQF-COSY and TOCSY experiments lead to the identification of the presence of three glycines, two alanines, two valines, two leucines, one isoleucine and one serine. Other componentsand partial structures were elucidated by HMBCand ROESYexperiments. The amino group of the terminal alanine (Ala1) is acetylated: the long-range couplings were observed from the methyl proton of the acetyl group and the a-proton of Ala1 to the carbonyl carbon of the acetyl group. It was therefore determined that Af-acetylalanine is located at the A^-terminal of goadsporin. The singlet methyl group at 2.5 1 ppm is long-range coupled to 4-and 5-positions of oxazole (MeOxz2) and the carbonyl carbon at 160.70ppm, to which is long-range coupled from those of oxazoles in the 13C NMRspectrum. Therefore, the presence of partial structure C was confirmed. Partial structure D, the sequence of Ser9-Gly10-Glyn, was deduced from the HMBC correlations observed between the amino acids. Furthermore, substructure E was established by the long-range couplings from the methyl group at 2.53 ppm and the amide NH of Leu13 to the carbonyl carbon at 160.83 ppm, ROESYcorrelation between the a-proton of Leu13 and the amide proton of Deala14, and the HMBC correlations from the H-5 of Oxz15 and the methylene and the amide protons of Deala14 to the C-2 of Oxz15. The presence of another thiazole (Thz18) was confirmed by the HMBCcorrelation from H-5 to C-4 and C-2 (170.34ppm), to which was coupled the methylene proton of Gly17 (partial structure F). HMBC correlations were detected from the aand /3-protons of Val19 to the carbonyl carbon at 172.59 ppm. If goadsporin is a linear peptide, the carbons at the C-l positions of Ala1, Deala4, Glyll and Val19 must be In the negative mode, most of the ions were assigned to the fragments containing the C-terminal carboxylic acid generated by charge-remote fragmentation (Fig. 3) . The observed ions generally arose from bond dissociation between the carbonyl carbon and the amide nitrogen (CO-NH), between the amide nitrogen and the a-carbon (CONH-CH), or between the a-carbon and the amide carbonyl carbon (CH-CONH),as is often observed with peptide compounds. By analyzing the mass of the detected fragments in referring to the possible alignment of the partial structures, the total structure of goadsporin was determined as follows. The carbon at C-l of Ala1 (162.04 ppm) must be the one at the 2-position of MeOxzin the partial structures B, C or E because the carbonyl carbons at the^-terminal side in D (160.03ppm), F (159.08ppm) or G (159.99ppm) did not coincide with it. Amongthe three possible sequences, A-Bwas the most probable since the fragment ions at mlz 1400 and 1343, which could be generated by the cleavage at both sides of the a-carbon of Val, were observed. By similar reasoning, the C-1 carbon of Deala4 should be the one at C-2 of MeOxzin C or E. D as confirmed by the observation ofm/z 574, 517, 463 and 446. Consequently, the remaining fragments must complete the total sequence of the partial structures as A-B-C-D-E-F-G. Ions at m/z 995 and 517 were assigned to fragments derived from the side chain cleavage of isopropyl groups in leucines. Assignable fragmentations in the oxazole or thiazole rings were not observed. In the mass range less than m/z 500-600, ion peaks derived from secondary collision induced dissociation of the first-generated fragments were observed. The positive-ion mode MS/MS experiment provided additional evidence to support the proposed structure (Fig.   4 ). Relative intensities of the ion peaks indicated that dominant fragmentation took place at the amide bonds between Val3 and Deala4, He6 and Leu7, and Leu13 and from the one at mlz 1056. Someof the detected ion peaks could not be assigned to any appropriate structures. In order to confirm the proposed structure of goadsporin, a derivative was prepared to observe the charge remote fragmentation in the positive-ion mode. Diaminoethane was coupled to the C-terminal valine to generate the positive charge at the C-terminal. The positive-ion mode CID-MS/MSspectrum of the derivative showed the CID-derived fragment ion peaks containing the C-terminal amino residue which satisfactorily explained the proposed structure (Fig. 5) .
Stereochemistry
The absolute configuration of the amino acids was determined by the advanced Marfey's method2?3).
Goadsporin was hydrolyzed in 6n HC1 at 1 109C for; 1 hour, and the hydrolysate was derivatized with l-and d-FDLA (Fig. 6a) . In the mass chromatograms of the mixture of D-and l-FDLA derivatives of the hydrolysate, both of the diastereomers were detected except for Gly and GlyThz (Fig. 6b) manuscript in preparation). As shown in Fig. 6 , all of the constituent chiral amino acids in goadsporin were unambiguously determined to be L-isomers since no peaks due to the D-isomers were detected. In addition, He6 was determined to be L-isoleucine, not L-tf//o-isoleucine, by comparing the HPLC retention time with the authentic samples (data not shown). Therefore, the structure of goadsporin was established as shown in Fig. 1 .
Goadsporin is a linear oligopeptide consisting of 19 amino acid residues, eight of which are dehydrated and/or HP1 100 HPLC system. MALDI-TOFMS was measured on an Applied Biosystems Voyager. UVspectra were recorded on a BECKMANDU 640 spectrophotometer. The IR spectrum was recorded on a Shimadzu FT IR-300 spectrophotometer. The optical rotation was measured on a Horiba SEPA-300 polarimeter.
CID-MS/MSMeasurements
Goadsporin dissolved in methanol was mixed with 2,2'-dithiodiethanol and subjected to MS/MSmeasurements in the negative-and positive-ion FAB ionization modes.
Heliumwas introduced to cause dissociation at a pressure that reduced the intensity of the precursor ions to 30%. 
